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The present invention relates to newly Identified EGD8 receptors, polynucleotides 
encoding this receptor, polypeptides encoded by such polynucleotides the 
preparation and the use of thereof. 



In an effort to identify new 6-protein coupled receptors of the EOG (endothelial 
differentiation gene)-family a novel member of Vt\e EDG-family of G-protein coupled 
receptors, Human EDG8, was Identified. The full-length clone was isolated and 
studies on chromosomal mapping, tissue expression and identification as a 
functional titular receptor for sphlngosine 1-phosphatea were performed. Taken 
together, the data provide compelling evidence that EDG8 is the fifth receptor for 
sphingosine 1-phosphate, exclusively expressed in peripheral tissues, its presence 
in endothelial cells being responsible for the broad tissue distribution. 



The lysoilpid phosphate mediators lysophosphatidic acid <LPA) and sphingosin 1« 
phosphate (81 P) have attracted Increasing attention as moduiatore of a variety of 
Important biological functions (Moolenaar et ai. 1997; Morris, 1999; Lynch, 1999) 
and their list of biological acth/ities is continuously growing. 

Among the biological responses to LPA is platelet aggregation (Durieux and Lynch, 
1993; Moolenaar. 1994; Jalink et ai., 1994; Sfess et al., 1999; Gueguen et al., 1999), 
smooth muscle contraction, in vivo vasoactive effects, chemotaxis, expression of 
adhesion nriolecuies on endothelial cells, increased tight junction permeability, 
activation of membrane ion channels and many others. The biochemical signalling 
events that mediate the cellular effects of LPA include stimulation of phosphofipases, 
moblifzation of intracellular Ca2+, inhibition of adenylyl cyclase, activation of 
phosphatidylinositol 3-kinase, activation of the Ras-Raf-MAP kinase cascade and 
stimulation of Rho-GTPa8es.(Moolenaar et al., 1997) 

SIP, in particular. Is implicated In cell proliferation, induction/suppression of 
apoptosis. modulation of cell motility, anglogenesis, tumor invasiveness, platelet 
activation and neurite retraction. Cellular signalling by SIP Involves activation of 
PLCp and subsequent intracellular Ca^* release, activation of MAP-kinases, 
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activation of inward rectifying K^-channeis and Inhibition and/or activation of adenyiyi 
cyclase. 

Both. LPA and S1P are recognized to signal cells through a set of G-protein coupled 
receptors (GPCRs) Itnown as EDG (gndothellal differentiation flene)-receptor8. The 
EDG-family of GPCRs currently comprises seven human members (EDG1-7) that 
fall into two major groups depending on their preference for the activating lipid- 
iigand: EDG1. 3, S and 6 preferentially interact with S1P, EDG2, 4 and 7 
preferentially interact with LPA. 

The assignment of specific bioiogical functions to certain receptor subtypes Is 
hampered by the fact that EDG receptors are expressed in an overlapping fashion, 
they activate multiple and in part Identical signal transduction pathways, the 
selectivity for their activating iigands is not absolute, and medicinal chemistry Is only 
poorly developed in that specific antagonists for dissecting the pharmacology of the 
Individual subtypes are not available yet. 

An important step to shed more light on the biological role of the individual receptor 
subtypes would be to identity the complete set of receptors that respond to the 
phospholipid mediators S1P and LPA. 

The present Invention relates to newly identified EGD8 receptors, polynucleotides 
encoding this receptor, polypeptides encoded by such polynucleotides the 
preparation and the use of thereof. 

The present Invention relates to an isolated polynucleotide comprising a nucleotide 
sequence that has at least 80 % identity to a nucleotide sequence encoding the 
polypepfide of SEQ ID NO. 2 or the corresponding fragment thereof; or a nucleotide 
sequence oomplementary to said nucleotide sequence. 

Preferably, the polynucleotide is DMA or RNA. 

Preferably, the nucleotide sequence of the polynucleotide Is at least SO % identlcai to 
that contained in SEQ ID NO. 1 . 

In another embodiment, the polynucleotide has the nucleotide sequence SEQ ID 
NO. 1 . In another embodiment, the polynucleotide ncod s the polypeptide of SEQ 
ID NO. 2 or a fragment thereof. 
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Another aspect to the invention relates to an expression system for the expression 
of EDG8. The E008 DNA or RNA molecule comprising an expression system 
wherein said expression system is capable of producing a polypeptide or a fragment 
thereof having at least 80 % identity with a nucleotide sequence encoding the 
polypeptide of SEQ ID NO. 2 or said fragment when said expression system Is 
present in a compatible host cell. 

The invention relates to a host cell comprising the expression system. 

In another aspect, the invention relates to a process for producing a ED68 
polypeptide or fragment comprising culturing a host ceil comprising the expression 
system under conditions sufficient for the production of said pojypeptide or fragnient 
Preferably, the said polypeptide or fragment is expressed at the surface of said cell. 
The invention relates also to cells produced by this process. 
The process preferably further includes recovering the polypeptide or fragment from 
the culture. 

In another aspect, the invention relates to a process for producing a cell which 
produces a EDGd polypeptide or a fragment thereof comprising transfomiing or 
transfeoting a host cell witfi the expression system such that the host cell, under 
appropriate culture conditions, produces a EDG8 polypeptide or fragment. 

In particular, the Invention relates to an EDG8 polypeptide or a fragment thereof 
comprising an amino acid sequence which is at least 80 % identical to the amino 
acid sequence contained in SEQ ID NO. 2; in particular to an EDG8 polypeptide or a 
fragment thereof having amino acid sequence SEQ ID NO. 2 or a part thereof. 

Further, the Invention relates to a process for diagnosing a disease or a susceptibility 
to a disease related to expression or acitivify of EDG8 polypeptide comprising: 

a) determining the presence or absence of mutation in the nucleotide sequence 
encoding said E0G8 polypeptide in the genome of said subject; and/or 

b) analyzing for the presence or amount of the EDG8 polypeptide expression In 
a sample derived from said subject. 
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In addition, the Inv ntion relates to a method for identifying compounds which bind to 
EDG8 polypeptide oomprising: 

a) contacting a cell comprising the expression system or a part of such a cell 
with a candidate compound; and 

b) assessing the ability of said candidate compound to bind to said cells. 

Preferably, the method further Includes detemiining whether the candidate 
compound effects a signal generated by activation of the EDG8 polypeptide at the 
surface of the cell, wherein a candidate compound which effects production of said 
signal is Identified as an agonist 

in another embodiment of the invention, the method further includes detennining 
whether the candidate compound effects a signal generated by activation of the 
ED08 polypeptide at the surface of the cell, wherein a candidate compound which 
effects production of said signal is identified as an antagonist. 

The invention also relates to an agonist or antagonist identified by such methods. 

In another special embodiment of the method, the mehtod further includes contacting 
said cell with a known agonist for said EDG8 polypeptide; and determining whether 
the signal generated by said agonist is diminished in the presence of said candidate 
compound, wherein a candidate compound which effects a diminution in said signal 
Is identified as an antagonist for said EDG8 polypeptide. The known agonist is for 
example SIP, LPA and/or DHS1P. The invention also relates to an antagonist 
identified by the method. 

The invention in addition, relates to a method of preparing a pharmaceutical 
composition comprising 

a) identifying a compound which is an agonist or an antagonist of EDG8, 

b) preparing the compound, and 

c) optionally mixing the compound with suitable additives. 
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The invention also relates to a pharmaceutical oompound prepared by such a 
process. 



In the study, we report about the cloning, chromosomal mapping, tissue expression 
and functional identification as a receptor for S1P of a novel GPCR, ED08, the fifth 
functional receptor for sphingoslne 1 -phosphate. 



In an effort to identify new G-protein coupled receptors of the EDG-^mily a database 
search with alignments of the currently known 18 members of this receptor family, 
comprising human E0G1-7 sequences up to the putative EDGs from Xenopus and 
Zebra-fish was performed. A multiple alignment of these sequences was created by 
CLUSTALW and used In a PSI-BLAST search to scan translated versions of human 
genomic ONA sequences, which were publicly available In the different EMBL 
sections. For translation of DNA into protein sequences, individual protein files within 
two respective STOP-codons were created and ail proteins shorter than SO amino 
acids were ignored. As the majority of GPCRs is unspiiced searching for GPCRs 
within genomic sequences should bring about novel receptor proteins. 
Performing a PSI-BLAST search, the various cDNAs and genomic contigs, 
respectively, for the human EDG1-7 receptors were identified, and an additional 
genomic hit with a high e-vaiue, that was not identical to any of the published EDG- 
sequences. The nucleotide and amino acid sequence of ttie new putative GPCR are 
depicted in Fig.lA. Hydropathy analysis (hydrophobicity plot not shown) suggests a 
seven transmembrane protein with three alternating extra- and intracellular loops, 
assumed to be the heptahefix structure common to GPCRs. 
To shed more light on the relationships Involved In the molecular evolution of the 
EDG-receptor family, a grow tree phyiogram was constructed using the neighbor 
joining method (GCG software) (Fig.lB) According to this phylogenetic tree, the 
human EDG-famrly can be divided into two distinct groups: EDGI, 3, 5 and 6 
belonging to one, EDG2, 4 and 7 belonging to the other group. These two groups are 
discriminated further by their preference for different lipid ligands: EDG1, 3, 6, 6 are 
preferentially stimulated by sphingosin l-phosphate (S1P), EDG2, 4 and 7 by 
lysophosphatidic acid (LPA). Th newly identified sequence was named EDGS for 
reasons of consistency with the existing human EDG-famiiy nomenclature and 
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xhlblted highest similarity (86.8%) to the rat nrg1 -protein (Fig. 1B). a GPCR recently 
cloned by EST-expression profiling from a rat PC12 cell library (Glickman et a!., 
1990). The high similarity between EDG8 and the known sphingosin 1 -phosphate 
(S1P) receptors EDG1. 3 and 5 (48-51%) (Fig. 1C) led us to test the hypothesis that 
EDG8 may be a functional SIP-receptor. 

In testing for S1P receptor activity, the EDG8 cDNA was Introduced Into Chinese 
hamster ovary (CHO) cells by transient transfectlon. CHO cells were chosen as they 
exhibit minimal responses to sphingosin 1 -phosphate in concentrations up to 1 |jM 
but respond to SIP after transfectlon with the S1 P pnefen-Ing receptors EDG 1, 3 and 
5 (Okamoto e! al., 1998; Kon et aJ., 1999). To test functional receptor activity. It was 
decided to monitor the mobilization of intracellular Ca2+ for three reasons: 

1 . ) S1 P has been reported to increase Ca2-4- in many ceil types: 

2. ) the Identification of EDG1, 3, 5 and 6 as receptors for S1P has provided the 
molecular basis for a GPCR mediated mechanism and the receptors are known to 
mediate Intracellular Ca2+ through either PTX-sensltive Gl proteins or the PTX- 
insensltive Gaq/11 pathway; 

3. ) all currently known SlP-responding EDG-receptors (except EDG6) are present in 
endothelial oells (A. Niedernberg et al., submitted), In which intracellular Ca2+ 
release is a major pathway in the generation of NO, an important factor In vascular 
biology. 

Thus, identification of the complete set of S1P receptors, involved in Intracellular 
Ca2-i- mobilization could help clarify the role of tiie individual subtypes In endothelial 
cell signalling, 

Fig.2 depicts measurement of the intrecellular Ca2+ concentration, mediated by S1P 
via the different SIP-receptors EDG1 , 3, 5, 6 and the putative S1 P-receptor EDG8, 
cotransfected In CHO cells virith empty vector DNA as a control or various G-protein 
a subunits. intracellular Ca2-f- concentrations were recorded as real time 
measurements using the Fluorescence plate Imaging reader (FLIPR, Molecular 
Devices). As baa been reported fbr EDQ1 , 3 and 5, SIP elicited intracellular Ca2+ 
signals that did not require colransfection of a G-proteln a subunit. As already known 
for a large number of Gq-coupled receptors, coexpresslon of Gaq augments the 
EDG1 and 6-mediated Ca2+-release as compared with the Ca2+ signal induced by 
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Stimulation of endog neous Oaq. In case of EDG3, additi nal exogeneously added 
Gaq did not further improve tfie signal intensity. In case of EDG6, Yamazal<i Y. et ai. 
(2000) reported an S1P-induced mobilization of intracellular but we failed to 
detect a significant C92+ increase above basal levels in tiie absence of any 
cotransfected G-protein a subunit. The reason for this discrepant could be the 
cellular background, as Yamazaki Y. et ai. (2000) reported that the Ca2-t- signal can 
be completely abolished in the presence of pertussis toxin (PTX), indicating the 
involvement of Gi-type G-proteine. In this case the Ca2-'- signal would be elicited by 
bg, released from activated Gaibg heterotrimers. The Gai-induced Ca2-»- signals are 
known to be 

much smaller in intensity as compared with the Cb2+ signals induced by bona-llde 
Gq-linked receptors (Kostenis et al., 1997a: Kostenis et ai., 1997b). It may be that 
detection of such Ca2-<- concentrations is beyond the sensitivity of the FLIPR system, 
EDG8 did not release intracellular Ca2-t- when stimulated with SIP (Fig.2), but 
gained the ability to mobilize Ca2-»- upon cotransfection with Ga16. a G-protein a- 
subunit, known to couple GPCRs from different functional classes to the Gq-PLCp 
pathway or GaqiS, a mutant G-protein a subunit that confers onto Gi-liked receptors 
the ability to stimulate Gq. These results show that EDG8 as opposed to EDG 3 and 
5 is not a bona-fide Gq-coupled receptor but a fuctional cellular receptor for SI P. 
To check, whether the EDG8 receptor also reacts to related iysophospholipid 
mediators, we examined the abilities of lysophosphatidrc acid <LPA), 
dihydrosphingosin 1 -phosphate (Di-ISIP), sphingosylphosphorylcholine (SPC) and 
lysophosphatldylchollne (LPC) to increase intracellular Ca2-*- In CHO cells transiently 
transfscted with the EDG8 receptor and the G-protein a subunits G16 and GqiS 
(Fig.3). Besides S1P, which was the most potent activator of EDG8, LPA and 
DHS1P evoked [Ca2-»'ji increases in concentrations of 100 and 1000 nM. SPC and 
LPC, respectively, failed to generate any significant response in concentrations up to 
1 pM.. These data show that ED68 is a SIP preferring receptor, but also responds 
to related phospholipids like DHS1 P or LPA, as has also been reported for E0G1. 
which is a high affinity receptor for S1 P and a low affinity receptor for LPA . 
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Next, the expression pattern of the human EDQ8 gene In human tissues was 
inv stigated by Northern blot analysis (Fig.4). Northern blot analysis shows EDG8 
expression in several peripheral tissues, Tissues positive for EDG8 RNA were 
skeletal musde, heart and kidney, lower abundance of RNA was seen in liver and 
placenta, no signal was obtained in brain, thymus, spleen, lung and penpherai blood 
leukocytes. In all tissues a single RNA transcript of 5.5 kb was observed after 
hybridization with a DIG-labetled EDG8 antisense RNA probe. EDG8 exhibits highest 
similarity to the rat nrgl-GPCR with an amino acid Identity of 86.8% (Fig,1B) 
suggesting that it may be the human homolog of the rat nrg1 protein. However, the 
expression pattern of human EDG8 is quite different from the rat nrgi -receptor, 
which is found almost exclusively in brain. This finding suggests that EDQ8 may 
represent a closely related but entirely different receptor from n^1 , rather than the 
human homolog. Never the less, it does not rule out the possibility that EDG8 and 
nrg1 are homologs with entirely different, species-dependent expression patterns. 

As the first member of the EOG-famiiy of GPCRs was cloned as an Immediate eariy 
gene induced during the morphogenetic differentiation phase of angiogenesis (HIa 
and Maclag, 1990) and subsequently cloned from a human umbilical vein endothelial 
cell library exposed to fluid shear stress as an upregutated gene it is reasonable to 
assume that EDG receptors piay an important role in the regulation of endothelial 
function. Therefore, the presence of EDG8 transcripts in several human endothelial 
cell lines was analyzed. RT-PCR analysis of human umbliival vein endothelial cells 
(HUVECs), human coronary artery endothelial cells (HCAECs), human 
microvascular endothelial cells of the lung (HMVEC-U) and human puimonary artery 
endothelial cells <HPAEC) revealed EDG8 expression in all ceil lines tested (Fig.5A). 
In Flg.SB it is shown that EDG8 specific primers indeed solely amplify EDG8 
sequences and none of the related EDGl-7 sequences. These findings suggest that 
the presence of EDQ8 in different peripheral organs may be due to its localization In 
endothelial cells; It does not rule out, however, that EDG8 transcripts occur in ceil 
types other than endothelial cells. 

The expression of EDG8 in addition to E0G1, 3, and 5 (Rlzza et ai.. 1999) in 
I-1UVECS and several oth r endothelial ceW lines is intriguing In view of all the reports 



I y u u 1 u • ^ 



[26-04-2000 J 



oe 



:2e- 4-- 0 : 

ri. r - 1 V.' * unr.iun 



[ePOOI 08858.2 



+49 69 305B4.36:2-* 



V. 0 1 C 'J i I t- 



SPEC 



9 

regarding S1P effects on endothelial oell signalling, l-lisano et at. (1889) reported that 
S1P protects HUVECS from apoptosis Induced by withdrawal of growth factors and 
stimulates HUVEC DNA synthesis; the authors derived a model for cell-cell 
interactions between endothelial cells and platelets but the SIP-reoeptor responsible 
for HUVEC^rotection of apoptosis could not be tdentifred. Rlzza et al., 1999 
reported that StP plays a role in endothelial cell leukocyte interaction in that SIP 
induces expression of cell adhesion molecules in human aortic endothelial cells, 
allowing monocytes and neutrophils to attach. These effects were blocked by 
pertussis toxin, suggesting the involvement of a Gi-coupled S1P receptor. The 
responsible SIP-receptor subtype, however, could not be Identified and the E0G8 
receptor vi/as not included at the time of this study. Expression profiling of all EDG 
receptors in individual cell lines and the use of EDG receptor subtype selective 
compounds will clearly be necessary to help detennine the role of the individual SIP 
receptors in endothelial cell signalling mechanisms. 



Finally, the mapping of EDG receptors In genomic sequences allowed to allocate a 
map position for four genes of this family (Tab.1). Interestingly, so fer, four EDG- 
receptors including EDGS are located on chromosome 19. 
In conclusion, we Isolated a new member of the EDG-family of G-protein coupled 
receptors, EDGS, and showed that it functions as a cellular receptor for sphlngosine 
1-phosphate. EDGS could exclusively be detected in peripheral tissues like skeletal 
muscle, heart and kidney and several human endothelial ceil lines. It is conceivable 
that the expression in endothelial cells may account for the broad tissue distribution 
of this receptor. The existence of at least eight EDG-receptors for tysophospholipids 
suggests that receptor subtype selective agonists and antagonists will essentially be 
necessary for a better understanding of the biology of lysophospholiplds and their 
respective receptors. 



Figure legends 



Fig.lA: The nucleotide and deduced amino acid sequence of human EDGS. The 
deduced amino acid sequence is shown below the nucleotide sequence with the 
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nucleotide positions indicated on the ieft. The putative sev n transm mbrane 
domains are und rlined. 



Fig. IB; Phylogenetic tree of tiie EDG-famlly of receptors. The phylogenetic tree 
depicted was derived by the neighbor Joining method method peifomned with the 
GCG program. 

FIg.lC: Alignment of the amino acid sequence of human EDG8 with the other EDG- 
family members. The amino add sequence of EDQ8 is compared with the EDQ1-7 
polypeptides (EDG1: accession number M 31210, EDG2: accession number U 
80811. EDG3: accession number X 83864, EDG4: accession number af 011466, 
EDG5: accession number af 034780, EDG7: accession number af 127138). The 
approximate boundaries of the seven putative transmembrane domains are boxed. 
Gaps are introduced to optimize the alignment. 

Flg.2: Mobilization of Intracellular Ca*"^ by S1P mediated by the EDG1 , 3, 5 and 8 
receptor in CHO cells, cotransfected with empty vector ONA as a control or the 
indicated G-protein a subunits. Agonist-mediated changes of intracellular Ca^*^ were 
measured with the FLIPR using the Ca'*-sensitive dye FLU04. Fluorescence of 
transfected cells ioaded with FLU04 was recorded before and after addition of S1P, 
applied In the indicated concentrations. Data are expressed as means of 
quadruplicate determinations in a single experiment. An additional experiment gave 
similar results. 

Fjg.3: Effects of S1P. LPA and related lysophospholipid mediators on EDG8- 
mediated increase in intracellular Ca^* measured with the FLIPR as described in the 
legend of Fig.4. The different lipids were applied in concentrations of 10, 100 and 
1OO0 nIVI, respectively. Data are means of quadruplicate determinations of a 
representative experiment. Two additional experiments gave similar results. 

Fig.4: Northern blot analysis of EDG8 in human tissues. Poly(A)+ RNA (Ipg) from 
various human tissues (human multiple tissue Northern blots, CLONTECH) was 
hybridized with probes specific to human E0G8 (upper pan f) and glyceraldehyd-3- 
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phosphate dehydrogenase. GAPDH, (lower panel) on a nylon menfibrane. The origin 
of each RNA is indicated at the top, the molecular mass of standard markers in 
kibbases (kb) is shown on the left. 

Fig.SA: Reverse transcriptase-poiymerase chain reaction (RT-PCR) analysis of 
EDG8 in difTerent human endothelial ceil lines (HUVECS: human umbilical vein 
endothelial ceils; HCAEC: human coronary artery endothelial cells; HMVEC-L: 
human microvascular endothelial cells from lung; MPAEC: human pulmonary artery 
endothelial cells). EDGS-specific transcripts were detected in all endothelial cell 
lines. Agarose gel electrophoresis of the PGR products after 35 cycles of 
amplification is shown. Amplification with EDGS'-specffic primers yields a 522 bp 
EDG8-fragment as Indicated by the arrow. 

Pig.SB: PGR analysis of EDG8 primers for specificity of amplification of EDG8 
sequences. Primers, specific for the EDG8 sequence, were checked for potential 
amplification of the related E0G1-7 sequences. The EDG8 specific 522 bp band 
occurred only when EDG8 was used as a template. 

Table 1: Chromosomal localization of EDG-receptors 1-8. 

Mapping of EDG receptors to genomic sequences allowed to derive a chromosomal 
assignment for EDG4, 5, 6 and 8. The chromosomal localization of EDG1-3 was 
obtained from the genecards datacollection, 



EDG 


Chromosomal localisation 


according BAG AccNr.: 


EDG1 


1p21. 1-21.3 


AL1 61741 


EDG2 


9q31.1-32/ yi8p11.3 


AL1 57881/ /AP000882 


E0G3 


9q22.1-q22.2 




EDG4 


19p12 


NT_000939 


EDG5 


19 


AC011611 


EDG6 


19p13.3 


AC011547 


EDG7 


1p22,3'31.2 


AL1 39822 


EDG8 


19 


AC011461 
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Examples 

Example 1 : Molecular cloning of the human EDG8 receptor. 
As the putatfve human EDG8 sequence is intronlese, we cloned the receptor from 
human genomic DNA (CLONTECH, Palo Alto, CA. 94303-4230) via polymerase 
chain reaction (PCR). PGR conditione, established to amplify the EDG8 sequence 
were d4''C, 1 min followed by 35 cycles of 94^C, 30sec, 68C, 3 min, using GC-Melt 
Kit (CLONTECH, Palo Alto.CA). Primers designed to amplify the EDG8 sequence 
contained a HIndltl site in the fonA^ard, and a EcoRi site in the reverse primer, 
respectively. The 1197 bp PCR product was cloned into the pCDNA3.1(+) 
mammailan expression vector (invitrogen, Carlsbad, California} and sequenced in 
botii directions. 

Example 2: Cell culture and Tiansfectton. 

CH0-K1 cells were grown In basal ISCOVE medium supplemented with 10% fetal 
bovine serum at 37^ In a humidified 5% C02 Incubator. For transfections, 2x10* 
cells were seeded into 35-mm dishes. About 24 hr later cells were transiently 
transfected at SO-80% confluency with the Indicated receptor and G-proteln 
constructs (1|jg of plasmid DNA each) using the LIpofectamine transfectlon reagent 
and the supplied protocol (GIBCO). 18-24 hr after transfection cells were seeded into 
geweii plates at a density of 50.000 cells per well and cultured for 18-24 additional hr 
until used in the functional FLIPR assays. 

The cDNA for Ga16 was cloned from TF1 cells by RT-PCR and llgated into the 
pCDNAI.1 mammalian expression vector <lnvitrogen). Murine wild type Gaq was 
cloned from cells by RT-PCR and Inserted Into the BamHI-A/s/l-sites of pCDNAI.1. 
To create the C-termlnaily modified Goqis subunit, in which the last five aa of wt Goq 
were replaced with the correspoding Ga; sequence, a i75-bp BglW-Nsil fragment 
was replaced, in a two piece ligation, with a synthetic DNA fragment, containing the 
desired oodon changes. The correctness of ail PCR-derived sequences was verified 
by sequencing in both directions. 
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Example 3: Fluorometric Imaging Plate Reader (FLIPR) Assay. 
Twenty-four hours after transfectlon, cells were splltted into 96-well, black-wall 
mlcroplates (Corning) at a density of 50,000 cells per well. 18-24 hr later, cells were 
loaded with 95p\ of HBSS containing 20 mM Hepes, 2.5 mM probenecid. 4 \iM 
fluorescent calcium Indicator dye Fluo4 (Molecular Probes) and 1% fetal bovine 
serum for 1 h(37'C, 5% CO2). Cells were washed three times with HBSS containing 
20 mM Kepes and 2.5 mM probenecid in a cell washer. After the final wash, the 
solution was aspirated to a residual volume of 100 ^1 per 96 well. Lipid ligands were 
dissolved in DMSO as 2 mM stock solutions (treated with ultrasound when 
necessary) and diluted at least 1:100 into HBSS containing 20 mM IHEPES, 2.5 mlVI 
probenecid and 0.4 mg/ml fatty acid free bovine serum albumine. Lipids were 
aliquoted as 2X solutions into a 96 well plate prior to the assay. The fluorometric 
Imaging plate reader (FLIPR, Molecular Devices) was programmed to transfer 100 pi 
from each well of the ligand mlcropiate to each well of the cellplate and to record 
fluorescence during 3 min in 1 second intervals during the first minute and 3 second 
Intervals during the last two minutes. Total fluorescence counts from the 13-s to 37-s 
time points are used to determine agonist activity. The instrument software 
normalizes the fluorescent reading to give equivalent initial readings at time zero, 

Example 4: Northern Blot analysis. 

IHuman multiple tissue Northem blots were purchased from CLONTECH (Palo Alto, 
CA, 94303-4230, USA) antisense RNA probes were generated by subcloning 
nucleotides 279-1 197 of the coding region into the Bam Hl-Eco Rl sites of the 
expression vector PSPT18 (Roche Diagnostics, Mannheim, Gennany) and 
subsequent random priming with a DIG-RNA Labeling kit (Roche Diagnostics, 
Mannheim, Gennany), using T7 RNA polymerase. Hybridization was carried out at 
6dX for 16 h in hybridization buffer (Dig Easy Hyb Roche Diagnostics, Mannheim. 
Germany). Each blot was washed , blocked and detected as Indicated in the 
standard protocol with the DIG Wash and Block Buffer set (Roche Diagnostics. 
Mannheim. Germany) and treated with 1 ml CSPD ready-to-use(Roche Diagnostics, 
Mannh im, Gennany) for 15 min , 37''C and developed for 6 min on the Lumiimager 
(Roche). Finally, each blot was stripped (50 % formamid,S% SDS, 50 mM Tris/HCI 
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pH 7,5 ; 80» C, 2x 1 hour) and rehybridlzed with a GAPDH antls nse RNA probe as 
an internal standard. 

Example 5: RNA Extractron and RT-PCR. 

RNA was prepared fronf) different endothelial cell lines (HUVECS, HCAEC, HMVEC- 
L, HPAEC) using the TRIzol reagent (Herste)ler, Lok.). Briefly, for each endothelial 
cell line, cells of a subconfluent 25 cni2 tissue culture flask were collected in 2,Sml 
TRIzol and total RNAs were extracted according to the supplied protocol, The purity 
of the RNA preparation was checked by veryfying the absence of genomic DNA. An 
aliquot of RNA, conresponding to ~5|jg, was used for the cDNA generation using 
MMLV reverse transcriptase and the RT-PCR kit from STRATAGENE. RT-PCR was 
carried out in a volume of 50 ^Jl, the RT-PCR conditions were set to es'C for 6 min, 
1 5min at RT. 1 hour at 37'C, 5 min at BOX, chill on Ice. 

The cDNA templates for the PGR reactions (35 cycles of 94''C for 30 sec, 68'C for 3 
mfn) were the reverse transcribed products of RNAs isolated from human endothelial 
cell lines (HUVECS.HCAEC, HMVEC-L, HPAEC). Typically, 1-5 Ml of reverse 
transcribed cDNAs were used as templates for the PCR reactions. 

Example 6: Sources of materials. 

1-oleoyi-LPA, sphingosin 1 -phosphate (S1P), dihydrosphingosin 1 -phosphate 
(DHS1P). lysophosphatidylcholine (LPC), sphingosylphosphorylchollne (SRC) and 
fatty acid free BSA were from SiGMA (P.O.Box 14508, St. Louis, Missouri 63178). 
CHO-K1 ceils were obtained from the American Type culture collection (ATCC, 
Manassas, Virginia), cell culture media and sera from QiBCO BRL (Gaithersburg, 
MD), the Ca fluorescent dye FLU04 and pluronic add from Molecular devices 
(Sunnyvale CA 94089-1 136. USA) human northern blot membrane fl-om CLONTECH 
(1020 East Meadow Circle, Palo Alto, California 94303-4230, USA.), commercially 
available cDNAs (heart, fetal heart, left atrium, left ventricle, kidney, brain, liver, lung, 
aorta) from Invitrogen, oligonucleotides from MWG-Biotech AG (Ebersberg, 
Germany), the RT-PCR kit f«>m SIGMA, the QC-mett PCR kit from Clontech (Palo 
Alto, CA), the expression plasmid pcDNAS.I for EDG8 and pCDNALI for 
expression of 6-protein a subunits from Invitrogen (Carlsbad, CA 92008), competem 
DH5o6 from GIBCO and MC 1063 from Invitrogen. 
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List of non-standard abbreviations: 

81 P, sphlngoslne 1 -phosphate; LPA, lysophosphatldrc acid; dHS1P, dihydro 
sphlngosine 1-phosphate; SPC, sphlngosylphosphorylcholine; LPC, 
lysophosphatldylchollne; GPCR, G-proteln-coupled receptor; G-protein, guanine 
nucteotide-bfnding protein; [Ca^^]), intracellular Calciun^ concentration, RT-PCR, 
reverse transcription polymerase chain reaction; bp, base pair; ORF, open reading 
frame; EST, expressed sequence tag; FAF-BSA, fatty acid free bovine serum 
albumine; HUVECS. Human umbilical vein endothelial cells; HCAEC, human 
coronary artery endothelial cells; HMVec-L, human microvascular endothelial cells 
from lung; HPAEC, human pulmonary artery endothelial cells. 
Table 2: 

SEQ ID NO. 1: Nucleotide sequence of human EDG8 

1 ATGGAQTCGGGGCTGCTGCGGCCGGCGCCGGTGAGCGAGGTCATCGTCCTGCATrACflAC 
61 TACACCGGCAAGCTCCGCGGTGCGCGCTACCAGCCGGQrGCCGGCCTGCGCGCCGACGCC 
1 21 GTGGTGTGCCTGGCGGTOTOCGCCTTCATCGTGCTAGAGAATCTAGCCGTSTTGrTGGTG 
181 CTCGGACGCCACCCGCGCTTCCACGCTCCCATSTTCCTGCTCCTGGGCAGCCrCACGTTG 
241 TCGGATCTGCTGGCA6GCGCCGCCTACGCCGCCAACATCCTACTGTCGGGGCCGCTCACG 
301 CXGAAACTGTCCCCCGCGCTCTGGTTCQCACGGGAGGGAGGCGTCTTCGTGGCACTCACT 
361 GCGTCCGTGCTGA6CCTCCTGGCCATCGC6CTGSA6C5CAGCCTCACCATGGCGCGCAGG . 
421 GGGCCCGCGCCCGrCTCCAQTCGGGGGCGCACGCTGGCGATGGCAGCCGCGGCCTGGGGC 
481 GTGTCGCTGCTCCTCGGGCTCCTGCCAGCGCTGGGCTGGAATTGCCTGGGTCGCCTGGAC 
54 1 GCTTGCTCCACTGTCTTGCCGCTCTACQCCAAGGCCTACGTGCTCTTCTGCGTGCTCGCC 
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601 TTCGTGGGCATCCTGGCCGCTATCrGTGCACTCTACGCGCGCATCTACTGCCAGGTACGC 
661 GCCAACGCGCGGCGCCTGCCGGCACGGCCCGGGACTGCGGGGACCACCTCCACCCGGGCG 
721 CGTCGCAAGCCGCGCTCGCTGGCCTTGCTGCGCACGCTCAGCGTGGrGCTCCTGGCCTTT 
7 81 GTGGCATGTTGGGGCCCCCXCTTCCTOCTGCTGTTCCTCGACGTGGCGTGCCCGGCGCGC 
841 ACCTGTCCTGTACTCCTGCAGGCCGATgCCTTCCTGGGACTGGCCATGGCCAACTCACTT 
901 CTGAACCCCATCATCTACACGCTCACCAACCGCGACCTGCGCCACGCGCTCCTGCGCCTG 
961 GTCTGCTGCGGACGCCACTCCTGCGGCAGAGACCCGAGTGGCTCCCAGCAGTCGGC6AGC 
1021 GCGGCTGAGGCTTCCGGGGGCCTGC5CCGCTGCCTGCCCCCGGGCCTTGATGGGAGCTTC 
1081 AGCGGCTCGGAGCGCTCATCeCCCCAGCGCGACGGGCTGGACACCAGCGGCTCCACAGGC 
1141 AGGCCCGGTOCACCCACAGCCGCCCGGACTCTGGTATCAGAACCGGCl'GCAGACTGA 



KESGLIiRPAPVSEVIVLHYN 
yTGKLRGARYQPGAGLRADA 
VVCLAVCAFlVLEKLiAVLLV 
LGRHPRFKAPMg^LLLGaLTL 
SDLLAGAAYAANrtLSGPliT 
LKL5PALWFAREGGVFVALT 
ASVLSLLAIALERSLTMARR 
GPAPVSSRGRTLAMAAAAWG 
VSLLLGLIiPALGWNCLGRLD 
ACSTVLPIiYAKAYVLFCVLA 
FVGILAAICALYARIYCQVR 
ANARRLPARPGTAGTTSTRA 
RRKPRSLAliLRTLSVVLLA? 
VACWGPLFLLliLLDVAC PAR 
TCPVLLQADPFLGLAMAW5L 



Table 3: 

SEQ ID NO. 2: Amino acid sequence of human EDGS 
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Claims; 



1 . An isolated polynucleotide comprising a nucleotide sequenc that lias at least 
80 % Identity to a nucleotide sequence encoding the polypeptide of SEQ ID NO. 
2 or the corresponding fragment thereof; or a nucleotide sequence 
complementary to said nucleotide sequence. 

2. The polynucleotide of claim 1 which is DNA or RNA. 

3. The polynucleotide of claim 1 wherein said nucleotide sequence Is at least 80 % 
identical to that contained in SEQ ID NO. 1. 

4. The polynucleotide of claim 3 wherein said nucleotide sequence is contained in 
SEQ ID NO. 1. 

5. The polynucleotide with sequence SEQ ID NO. 1. 

6. The polynucleotide of claim 1 wherein said encoding nucleotide sequence 
encodes the polypeptide of SEQ ID NO. 2 or a fragment thereof. 

7. EDG8 DNA or RNA molecule comprising an expression system wherein said 
expression system is capable of producing a polypeptide or a fragment thereof 
having at least 80 % identity with a nucleotide sequence encoding the 
polypeptide of SEQ ID NO. 2 or said fragment when said expression system is 
present in a compatible host cell. 

8. A host ceil comprising the expression system of claim 7. 



9. 



A process for producing a EDG8 polypeptide or fragment comprising culturing 
a host claim 8 and under conditions sufficient for the production of said 
polypeptide or fragment. 
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10. The process of claim 9 wherein said polypeptide or fragment fs express d at the 
surface of said cell. 

1 1 . Celis produced by the process of claim 1 0. 

12. The process of claim 9 which further includes recovering the polypeptide or 
fragment from the culture. 

13. A process for producing a cell which produces a EDGB polypeptide or a fragment 
thereof comprising transforming or transfecting a host cell with the expression 
system of claim 7 such that the host cell, under appropriate culture conditions, 
produces a EDG8 polypeptide or fragment, 

14. EDG8 polypeptide or a fragment thereof comprising an amino acid sequence 
which is at least 80 % identical to the amino acid sequence contained in SEQ ID 



15. Polypeptide of ciarm 14 which comprises the amino acid sequence of SEQ ID 
NO. 2, or a fragment thereof. 

16. EDG8 Polypeptide or fragment prepared by the method of claim 12. 

17. A process for diagnosing a disease or a susceptibility to a disease related to 
expression or acltivity of EDG8 polypeptide comprising: 

c) detemiining the presence or absence of mutation In the nucleotide sequence 
encoding said EDGB pofypeptide in the genome of said subject; and/or 

d) analyzing for the presence or amount of the EDGE polypeptide expression in 
a sample derived from said subject. 

18. A method for identifying compounds which bind to EDG8 polypeptide comprislng: 

c) contacting a cell as claimed in claim 1 1 or a part thereof with a candidate 
compound; and 

d) assessing the ability of said candidate compound to bind to said cells. 



NO. 2. 
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19. The method of claim 18 which furth r includes determining whether the 
candidate compound effects a signal generated by activation of the EDG8 
polypeptide at the surface of the cell, wherein a candidate compound which 
effects production of said signal is Identified as an agonist. 

20. The method of cialm 18 which further includes determining whether the 
candidate compourtd effects a signal generated by activation of the EDG8 
polypeptide at the surface of the cell, wherein a candidate compound which 
elects production of said signal Is identified as an antagonist. 

21. An agonist identified by the method of claim 19. 

22. An antagonist Identified by the method of cialm 20. 

23. The method of claim 18 which further includes contacting said cell with a itnown 
agonist for said EDG8 polypeptide; and determining whether the signal 
generated by said agonist is diminished in the presence of said candidate 
compound, wherein a candidate compound which effects a diminution in said 
signal is identified as an antagonist for said EDG8 polypeptide. 

24. A method as claimed in claim 23, wherein the i<nown agonist is Sip, LPA and/or 
DHS1P. 

25. An antagonist identified by the method of claim 23 or 24. 

26. Method of preparing a pharmaceutical composition comprising 

a) identifying a compound which is an agonist or an antagonist of EDG8, 

b) preparing the compound, and 

c) optionally mixing the compound with suitable additives. 

27. Phamnaceutical compound prepared by a process of claim 26. 



(26-04-2000J 



:26- 4^- O 



16l49_ 



|EP00108858.2 



+49 69 305H4-3e:i-» 



41 XV. J-LJ t,U 



SPEC 



21 



FIG 1A: 



1 ATGGAGTCGGGGCTGC?GCGGCCGGCGCCGGTGAGCGAGGTCATCGTCCTGCATTACAAC 
MESGLLRPAPVSEVIVLHYN 

61 TACACCGGCAAGCTCCGCGGTGCGCGCTACCAGCCGGGTGCCGGCCTGCGCGCCGACGCC 
YTGKLRGARYQPGAGLRADA 

121 GTGGTGTGCCTGGCGGTGTGCGCCTTCATCGTGCTAGAGAATCTAGCCGTGTTGTTGGTG 
VVCLAVCAFIVI^ENLAVLLV 

181 CTCGGACGCCACCCGCGCXTCCACGCTCCCATGTTCCTGCTCCTGGGCAGCCTCACGTTG 
LCflRHPRFHAPMFIiLLGSLTL 

241 TCGGATCTGCTGGCAGGCGCCGCCTACGCCGCCAACATCCTACTGTCGGGGCCGCTCACG 
SDLLAGAAYAANILXiSGPLT 

301 CTGAAACTGTCCCCCGCGCTCTGGTTCGCACGGGAGGGAGGCGTCTTCGTGGCACTCACT 
LKLSPALWFAREG3VFVALT 

361 GCGTCCGTGCTGAGCCTCCTGGCCATCGCGCTGGAGCGCAGCCTCACCATGGCOCGCAGG 
A S V L B Xi l> A I A L E R S L T m A R R 

421 GGGCCCGCGCCCGTCTCCAGTCGG6GGCGCACGCTGGCGATGGCAGCCGCGGCCTGGGGC 
GPAPVSSRGRTLAMAAAAWG 

4 81 GTQTCGCTGCTCCTCGGGCTCCTGCCAGCGCTGGGCTGGAATTGCCTGGGTCGCCTGGAC 
V91LLGLLPALGWNCLGRLD 

541 GCTTGCTCCACTGTCTTGCCQCTCTACGCCAAGGCCTACGTGCTCTTCTGCGTGCTCGCC 
ACSTVLPLYAKAVVLFCVLA 

601 TTCGTGGGCATCCTGGCCGCTATCTGTGCACXCTACGCGCGCATCTACTGCCAGGTACGC 
FVGILAAICALyARlYCQVR 

661 GCCAACGCGCGGCGCCTGCCGGCACGGCCCGGGACTGCGGGGACCACCTCGACCCGGGCG 
ANARRLPARPGTAGTTS TRA 

72 1 CGTCGCAAGCCGCGCTCGCTGGCCTTGCTGCGCACGCPCAGCGTGG^GCTCCTGGCCTTr 
RRKPRSLALLRTLSVVLLAF 

781 GTGGCATGTTGGGGCCCCCTCTTCCTGCTGCTGTTGCTCGACGTGGCGIGCCCGGCGCGC 
VACWGPLrFLLLLLDVACPAR 

841 ACCTGtCCTGTACTCCTGCAGGCCGATCCCTTCCTGGGACTGGCCATGGCCAACTCACTT 
TCPVLLfiADPFLGLAMANSL 

901 CTGAACCCCATCATCTACACGCTCACCAACCGCGACCTGCGCCACGCGCTCCTGCGCCTG 
LNPIIYTLTNRDLRHALLRL 

961 GTCTGCTGCGGACGCCACTCCTGCGGCAGAGACCCGAGTQGCTCCCAGCAGTCGGCGAGC 
VCCGRHSCGRDPSGSQQSAS 

1021 GCGGCTGAGGCXTCCGGGGGCCTGCGCCGCTGCCTGCCCCCGGGCCTTGATGGGAGCTTC 
AAEASGGLRRCLPPGLDG3F 

1081 AGCGGCTCGGAGCGCTCATCGCCCCAGCGCGACGGGCTGGACACCAGCGGCTCCACAGGC 
SGSBRSSPQRDGLDT3GSTG 

1141 AGCCCCGGTGCACCCACAGCCGCCCGGACTCTGGTATCAGAACCGGCrGCAGACTGA 
SPGAPTAARTLVSEPAAD* 
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Fig. IB 
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1 60 
efig2_Jiuroan MAAISTSIPV ISQPQrrAMN SPQCFYNESI APFVWRSGKH LAT.EKNTVS KLV«GI..,Or 

«dg7 human — - — MN B.-CHYDXHM DrFYNRSNTP fVD.DW-TGT RLVJVLCVGr 

edg4*htiman MVr MGOCCTJIBXI 6FPYKMSGKB LSS.H50R..P KaWWaiiGL 

edffl^hoinen — — -MSPTS VPiVKAHRSS V30YVWYOII VRHYNYTGKL . .NI3ADKS}I SIKLTSVVFl 
edg3 human — • — *MATAL?PR I,QPVRG»J3TL JFtEKYaYVGKl AGRLKCA8EG S.tl/PTVLFL 

cdgSlhuwAti ^^^-^ mgbl ysbvujpskv qehynvxke. ..tlbtqstt srqvasapiv 

ed^e human * -^-^-MESOL iRPAPVSBVI VLHYKyTGKL Re,ARlfQPGA QI^RADAWCL 

e<i76]]|hunaA MNATG TPVAE'SBCQQ LAAGCHSRLI VXaYNHSGKL AGB.GGP&:)& GbGAliRGISV 



edg?' 
ed^4' 
edgl_ 

edgS^ 
edg8_ 



human 

human 
human 
human 

human 
human 



61 

TVCIFraiAN 

TVSVLVLLTN 
lilCCFIILEN 

!LCCA2VVEH 
AVCATIVLBN 
AASCLWLE» 



LifVMVAiyVH 
SLVIAAVIItW 
LLVIAAIASH 
lFVlLTID?Kr 
LMVLIAIWRH 
LLVIIAVAWI 
LAVZiLVLGRH 
LLVLAAt^SK 



RRFHFPiyYL 
RKFHFPPyYL 
RRPHOJ^IYYL 
KKPKR5MYYP 
NKFHNHKVPF 
SRPHSAMYLF 
PRFKAFMPLL 
MR8RRWVVYC 



EfAMXiAAAOFP 
IiANLAAADPP 
IGHLAAADliF 
ICiftrALSDLL 
XGNLALCDLL 
tCrfLAASDLL 
Z(G$LTLSDLL 
LVHirLS:>IiL 



AGLAYFYIuMF 
AGIAY7FLMP 
AGVAYLPLMF 
AGVAYTANLL 
ASIAYKVKIL 
AGVAFVAM5L 
AOAAYAANIL 
7GAAYLA19VL 



120 

NTGPHTRWiT 
NTGPVSKTLT 
HTGFRTARLS 
LSGATTYKLT 
MSGKKTFSLS 
L5GSVTLRLT 

IiSGARPFRLA 



sdg2_ 
edg7" 
adg4' 
edgX_ 
edg3_ 
edgS. 
edgfi" 



«dg7_ 
edg4' 
edgl] 
edgS. 
edg5. 
€dg8, 
edgS. 



hiiman 
^huxnan 
human 
human 
hvcoan 
human 
human 
hUItian 



.human 

human 
,human 
hucsaxi 
human 
[human 
human 



121 

VSTVLLRQGL 
VNRWPLROSL 
LEGNFLRQGXi 
PAQ^fFlRSGS 
FTVWFLREGS 
PVQ9rFAR£GS 
PALNFARBQG 
PAQWFiRSGL 

181 

VK6AXPSVGW 
fiUQAVPTLGW 
GLGLtiPAHSW 
XL(^6I/PIUG?^ 
TliGALPILGW 
VLGGLP3L697 
LXiGlL&ALGM 
LIKsMLPLXGf? 



IDTSLTASVA 
LDSSLTASXit 
LDTSLTASVA 
MFVA13ASVF 
MFVALGASTC 
A3I713ASVF 
VrVALTASVL 



Hcrcpisncfi 

»rCliCNI&ACS 
HCLCALDRCS 
NCISAXSSC5 
NCXJilfLPOCS 
NCLGHLEAC3 
NCI^RliDACS 
IQCLCAFDRC3 



NLIAXAI£RK 
17LLVIAVERK 
TLLAIAVERH 
8LX.AIAISRY 
3LLAIAIBRK 
SLLAIAICRH 
$LLAZALBRS 
SX/LTTAQERF 



NMAPLYSD5Y 
SiAPIYSRSY 
RHAPLIi3RSY 
TVLPLYHKHY 
TltiplYSKKY 
TVIiPXYAKHY 
TVLPLYAKAY 
SLiiFLYSKRY 



ITVPR.MQLH 
M3IMR.NRVH 
R3VKA.VQLH 

MDeix.MRpy 

VAIAK.VKLY 
I.7t3AR.R6PA 
ATMVRPVASS 



LVFl'7AlFNliV 
LVPWTVSNIM 
LAVWAL8SIL 
ILFCTTVF^Ii 
IAPC13IFIA 
VLCVVTIFSI 
VLPCVIiAffVO 
ILFCLVIFAG 



TRM5NRRWV 
$nLTRKRVTIi 
SRLPRGRVVM 
NGSNMFRLPt 
C>Ai}KRKR^L 
G5DKSCRMLL 
PV3$R0RTLA 
GATKTSRVYG 



TFVVMWIVA 
APLIWVWYL 
VFLLMVAVYT 
LLLSrVIlYC 
ILVTIVJIYA 
IXiLAIVALYV 
ILAAICALYA 
VLATIKGLYQ 



180 

VIWIWXMAI 
Z«TLLvffAIAI 
LIVGVMVAAL 
liISACWVISL 
LIGHCffXiZAF 
:tlGASWLISL 
MA AAA»$VSL 
'rX(5LCWLLAA 

240 

HIFGYVRQRT 
RtYVVVKRKT 
RIFFYVRRRV 
RIY5I.VRTRS 
RIYFLVKSSS 
RIYCVVRSSH 
RIYCQVRAJJA 
AirRTiVQASG 



241 300 

edg2_human MRMSRKSSGP R RNR DTMMSLLSaV VXVLOArilC ffTPGLVLLl»L D.VCCP..QC 

edg7 human NVISPKTSGB I SRR RTPMRIWRTV MTVLGAFWC WTPQLWLII* C5IjNCR..QC 

edg4"human QPMAEHVSCH P RYR BTTLSLVKTV VIILGAFWC WTPGQWHL CGt<5CB..SC 

edgl.human RRLTFR KKlSKASRfl SESJVAttKTV IIVL3VriAC WAPLPIXAI<L DV.GCKVKTC 

Odg3 human RKVANH m S BRSMALLRTV VtWSVPrAC WSPtFlI^I DV.ACRVQAC 

edg5"human ADMA» . , • . , -A PQTLALLKTV TIVLGVPrVC WLPAPSILLL DY,ACPVHSC 

edge^human RRLPARPGTA GTTSTRARRR PRSLAtLRTI. 6WLLAtVAC tfGPLFU^LL DV.ACPAR7C 

edgs^human qkap rpaarrk arr. .llktv millaflvc voplfgllla dvpo$nl97AQ 



301 3$D 
Qdg2 human DVLAYSKPFX. LXAEFRSAMN PSXYSYRDRE MSATFRQILC CpRSBMPrGP TESSdRdASS 

edgT'huntan GVQHVKRWFI. LLA1W33WH PIIYSYKDSP MYGTMKKMIC CFSQBMP BRRPSR 

edg42human ^JVLAVSKYE^ LZAEANSLVIf AAVYdCRDAE MRRTPRRLLC CACLRQ3TRE SVKY73SAQG 

edgi*"hu»an dilpraevfl vlavlmsgtk piiytlthks MRRAFIRIMS cckcpsgd s 

edg3"human PILFKAQWPJ VLAVbWSAMK PVIYTLASKB MRRAFFRLV. .CWCtVR G 

^dgS'human PItYKAKYFF AVSTiNSiLN PVIYTWRSRO LRRBVLRPLQ CWRPGVGV Q 

edgS'human P7LLQAfiPFL dLAMAHSLLK PXIYTLTNRD LRHALLRLVC CCRHSCGRDP 3GS..0QSA6 

€dg6_humdn EYLRGMDWIL ALAVLttSAVN PIIYSFRdBE VCRAVr.3FltC OGCLRLCMRG FGDCLARAVe 

361 «18 



Gdg2 huiD^n INHTILAQVK SWDHSW ^ 

edgT^hUiaan IPSTVtSRSD TGSQYIBDSI SQGAVGMKST S-^** ^--^ 

edgl^hum^an CASTRXMLPB NSflPWlTPPF SYLSLQRYAA SKIC3TAPDJ)L WVLLAQPMQQ t)-v-.,,,^ 

odgl human A6KFKRPZZA 6KSFSRSK. . .SDNSSHPQK D&CDNPETIM SSGtTVMSSS- •<^'* 

edgS'human RGARASFXQP AZ.DP3R5KSS SSNHSStidPK VKEDLPHTDP SSCIMDKNAA IiONGZFC» 

edgS"humaii GRRRVGTPGH HLtPLRSSSS LERCMH&JPTS PTFLEGNTW ^ -.^v^^ 

edgS human AA5ASGGLRF( CliPPGLDGSF 3G$GRS5PQR D5I.DTSG5TG 8PGAPTAART L76EPAAD 

€dg6*huiiian AHSGASTTDS 3I.RP.RDSFR GSRSLSFRMR EPLSStSSVR 81 
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Fig. 4 
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